Abstract. The hot deformation behavior of Al-Zn-Mg aluminum alloy was investigated by means of compression tests and Finite Element analysis method in the temperature and strain rate ranges of 350 o C to 500 o C and 0.1s -1 to 0.4s -1 , respectively. The load-displacement data and the maximal cross section area S predicted by finite element method (FEM) were in good agreement with those from experiment. As expected, the flow stress was increased with strain rate, and decreased with deforming temperature. The flow stress of the Al-Zn-Mg aluminum alloy during hot compression deformation can be described by using Zener-Hollomon parameter, and it confirmed that the Zener-Hollomon parameters during hot deformation can be determined by simple compression testing in conjunction with validated numerical modeling. Finally, the relation of maximal cross section area S of barreling profile and strain ε during compression processing was established.
Introduction
Because of high strength, self-ageing, weldable, Al-Zn-Mg aluminum alloys have found a wide ranging application all over the world for fabrication of portable light weight military structures like bridges, shelters and missile containers, and the alloys are frequently formed by hot rolling or forging. In general, the hot rolling or forging is a complex and sometimes difficult process because tearing tends to occur at the surface of the hot rolling or forging. The behavior of the aluminum alloys in the hot forming process depends not only on their mechanical properties but also on the conditions under which extrusion deformation occurs, such as temperature, strain, strain rate and die geometry. Therefore, to ensure the quality of the hot deformation product, one needs first to understand the process in relation to the external process conditions and then to optimize the process [1] .
Process simulation is a powerful tool to predict material behavior under specified deformation conditions. A reliable of the input data is a key to the reliability of the simulation results. The material data necessary for the simulation including a relationship among flow stress, strain, strain rate and temperature can be obtained from hot-working tests at a number of temperatures and strain rates for a consistent representation of deformation behavior [2] .
The compression test is frequently used in evaluating the workability of materials, especially at elevated temperature. There are two inherent difficulties with the compression test that must be overcome by the test technique: buckling of the specimen and barreling of the specimen. Both conditions cause nonuniform stress and strain distribution in the specimen that makes it difficult to analyze the results. The best way to obtain the above-mentioned parameters is to conduct the hot working progress of Al-Zn-Mg aluminum alloy on the hot simulator and analyze the simulation results.
A Gleeble thermal simulator is a power tool to measure flow stress of metal at elevated temperature, but the charge is expensive. In this work, the hot deformation behavior of Al-Zn-Mg aluminum alloy was investigated by a universal test machine with a heat-furnace in the temperature and strain rate ranges of during hot deformation can be determined by simple compression testing in conjunction with validated numerical modeling.
Materials and experiments
Pre-extruded Al-Zn-Mg aluminum alloy billets were used as the initial material in this study. Samples for compression tests were 15mm in height and 10mm in diameter. The compression tests were carried out on a universal test machine with a heat-furnace. Sample was kept at test temperature for 20min to ensure good temperature uniformity and then compressed to a height of 6mm. . FEA to simulate the hot compression process was performed using the above true stress-strain data, and modify the true stress-strain data based on the difference value of resulting FEA load-displacement data and that of experimental. FEA to simulate the hot compression process was performed using the modified true stress-strain data again, and recalculated the difference value of resulting FEA load-displacement data and the experimental data. Repeat the process till the entire match. Finite element simulation of the above hot compression has been performed using a commercial software package Deform-3D 6.1.
Results and Discussion

Deformation of Al-Zn-Mg Aluminum Alloy during Hot Compression
The typical equivalent strain distribution in compression sample was shown in Fig. 1 . There was a barreling in the work because the friction between the compression specimen and the anvils that apply the load. The curves in Fig.1 showed the effect of strain rate and temperature on the deformation behavior of Al-Zn-Mg aluminum alloy, respectively. The flow stress initially increased with strain up to a peak (named the strain as ε p ) and then decreased. The rates of strain hardening and strain softening varied with deformation temperature and strain rate. As was expected, the flow stress was increased with strain rate, and decreased with deforming temperature. Furthermore, the ε p was 0.15 or under, and decreased as the strain rate decreased and the deformed temperature increased. Fig.2 shown the measured and the predicted by finite element method of maximal cross section area S of barreling profile during compression processing, the predicted results by finite element method were in good agreement with those from experiment. It indicates that the friction coefficient used in the work is correctly. And the relation of S and strain ε can be fitted as following equation with a correlation coefficient of 0.993: Typical true stress-true strain curves calculated according to the inversed FEA method described above was presented in Fig.3 . 
Constitutive equations
The constitutive analysis for the experimental alloy was presented in Fig. 5 and Fig. 6 . The Arrhenius equation is widely used to describe the relation between the strain rate  , peak stress σ p and absolute temperature T at high temperature. It can also be shown with the Zener-Hollomon parameters as follows [1] :
Where n is the stress exponent, α is the adjustable stress multiplier, Q is an activation energy for deformation, R is the gas constant, 8.314J/mol. The constitutive analysis yields the value of activation energy for deformation Q, stress exponent n, adjustable stress multiplier α and material parameter A 3 of Eq. (2) [4] . Because Q for an alloy varies with the deformation temperature, thus there were some differences between the value of Q of this work and that of the literature.
The plots of lnZ have been plotted versus log [sinh (ασ)] in Fig. 7 . The plot brings all the tests data into a single line that summarizes the quality of the fit with a correlation coefficient of 0.99 and with a slope of 4.91. To prove the parameters of the constitutive equation, the calculated flow stresses were plotted against the measured values in Fig. 8 . The match is reasonably good and the mean error between the calculated and the measured values is less than 0.002% at 350 o C. However, at higher temperatures the error increased, so much that the deviation at 500 o C reaches a larger11.46%. The phenomenon was also reported in AISI T1 high-speed steel [5] , and the errors between the calculated and measured values at 950 o C and 1150 o C are 0.73% and 10.23%, respectively. It is because that the activation energy Q used in equation (2) is a same value for the experimental temperature range, but in fact Q for an alloy varies with the deformation temperature. For example, the Q of AISI T1 high-speed steel for the low temperature and the high temperature ranges are, respectively, 654 and 467 kJ/mol in the true strain range of 0 to 0.6 [5] .
Summary
The hot deformation behaviour of Al-Zn-Mg aluminium alloy was investigated by compression test and Finite Element analysis method. Kinetic analysis of the flow stress variation with temperature and strain rate revealed that the rate equation is obeyed in the temperature range 350 to 500 0 C and strain rate range 0.1s -1 to 0.4s -1 . The flow stress increases with the increase of strain rate, and decreases with the increase of the deforming temperature. The flow stress of the Al-Zn-Mg aluminium alloy during hot compression deformation can be described by using Zener-Hollomon parameter including Arrhenius item, and the deformation activation energy is estimated to be 135.6kJ/mol. It confirmed that the Zener-Hollomon parameters during hot deformation can be determined by simple compression testing in conjunction with validated numerical modeling. The load-displacement data predicted by finite element method were in good agreement with those from experiment. The relation of maximal cross section area S of barreling profile and strain ε during hot compression can be fitted as .
